The aim of the research was to evaluate crustacean forage resources for fish in five shallow lakes varied in respect to species richness and coverage of submerged macrophytes, and thus representing different alternative stable states. The results revealed that lakes with a high or moderate abundance of macrophytes and moderate visibility (macrophyte-dominated Lake Rotcze, phytoplankton-macrophyte dominated lakes Sumin and Głębokie) displayed reach crustacean forage base for fish. Poor feeding conditions were found in two extremely different lakes: turbid phytoplankton-dominated Lake Syczyńskie devoid of macrophytes, and heavily vegetated, clear-water macrophyte-* Corresponding author: malgorzata.adamczuk@up.lublin.pl dominated Lake Kleszczów. Possible reasons for these differences are discussed.
INTRODUCTION
Crustacean plankton comprises an important component in the diet of planktivorous fish and the fry stages of all benthivorous and predatory fish species. Crustacea and planktivorous fish are strictly connected in predator-prey interactions, as quality and availability of crustaceans affects growth rate of fish, whilst feeding pressure of fish influences crustacean species richness, their density and spatial distribution.
Macrophytes play a large role in these interactions: they provide habitat for Crustacea and a variety of other invertebrates, as well as restrict visual area and hamper mobility of fish (Jeppesen et al. 1998 , Manatunge et al. 2000 . The structuring role of macrophytes in the interactions between Crustacea and fish depends on many factors, such as the trophic status of a lake and water clarity (Lauridsen et al. 1999) , plant architecture (Moss et al. 1998; Nurminen, Horppila 2002) , plant bed size (Lauridsen et al. 1996 , Burks et al. 2001 ) and plant biomass, or percentage of the water volume occupied by vegetation (Schriver et al. 1995 .
In spite of the wide recognition of the importance of vegetation in shaping habitats and feeding conditions for fish, it has never been taken into consideration while assessing planktonic crustaceans as fish food resources. It should be emphasized that, for some reasons, in general, such assessments have been undertaken very seldom (e.g. Kendall 1922 , Akitoya & Pugh-Thomas 1981 . In the attempt to fill this gap in knowledge, the current study evaluates crustacean forage resources for planktivorous fish in five shallow lakes, all differing in their development of the submerged vegetation.
STUDY AREA
The study was carried out in five shallow polimictic lakes located in Łęczna-Włodawa Lakeland, eastern Poland. The lakes represent different alternative stable states. Lakes Kleszczów and Rotcze are macrophytedominated, Lake Syczyńskie is phytoplanktondominated, while lakes Sumin and Głębokie Uścimowskie (hereafter called Głębokie) represent phytoplankton-macrophyte dominated status (Kornijów et al. 2002) . Varying values of physical and chemical parameters (Table 1) , including total phosphorus and total nitrogen concentrations, indicate that the studied lakes display diverse trophic state, from mesotrophic (Lake Kleszczów) to hypertrophic (Lake Syczyńskie).
The soft-tissue vegetation found in the lakes consisted of submerged plants (elodeids), including charophytes, and floating-leaved nymphaeids (Fig. 1) . The latter were welldeveloped, especially in lakes Kleszczów and Sumin. Submerged vegetation was the most abundant in clear-water macrophyte-dominated lakes Rotcze and Kleszczów (PVI, plant volume infestation = 37.3% and 24.5%, respectively) (Kornijów et al. 2002 , Sugier & Lorens 2002 . It was much less developed in slightly turbid phytoplankton-macrophyte dominated lakes Sumin and Głębokie (PVI = 2.69% and 0.5%, respectively). In phytoplankton-dominated Lake Syczyńskie there were hardly any submerged plants, and those present were represented by a few shoots of Ceratophyllum sp. (Kornijów et al. 2002) .
The number of fish species ranged from 8 in Lake Kleszczów to 11 in lakes Sumin and Głębokie. The highest fish biomass seen was in lakes Głębokie (19.8 (Rechulicz 2006) . The most numerous species were American catfish (Ictalurus nebulosus) in lakes Rotcze and Głębokie, roach (Rutilus rutilus) in Lake Kleszczów, bleak (Alburnus alburnus) in Lake Sumin and sunbleak (Leucaspius delineatus) in Lake Syczyńskie (Fig. 2) . The characteristics of other biotic components of the lakes studied are discussed by Kornijów et al. (2002) . Table 1 Characteristics of the lakes (after Harasimiuk et al. 1998 and Smal et al. 2005 
MATERIALS AND METHODS
Crustacean samples were collected in May, July and October 2001. In the shallowest lakes (Kleszczów, Rotcze and Syczyńskie) the material was taken on 5 stations located horizontally from shores to the deepest part of the lake, using a 2.5 m long plexiglass tube, with a 6 cm diameter. From every sample, a subsample of 2 dm 3 was separated and then joined with the other subsamples into a single 10 dm 3 sample. In the two deeper lakes, Sumin and Głębokie, samples were taken from three vertical layers (just under the water surface; in the middle of water column; and above the bottom) with the use of 5-L sampler and then merged into one 15 dm 3 sample. Samples were sieved through a 50 µm mesh net and preserved in 4% formalin. In the laboratory crustaceans were classified and counted to calculate abundance, expressed as a number of individuals per 1 dm 3 . Biomass (dry mass) was calculated using body length -dry weight regressions (Bottrell el al. 1976) , so from each sample the length of thirty randomly selected individuals of crustaceans were measured. The values of demographic parameters of Crustacea were then used to classify the lakes in accordance with crustacean forage resources for fish, with the use of numerical analysis techniques: clustering procedures and principal components analysis (PCA) (MVSP 4.0 programme). 
RESULTS
The average density of Crustacea ranged from 156 ind. dm -3 in Lake Kleszczów to 498 ind. dm -3 in Lake Głębokie. In all lakes, high seasonal variation in crustacean abundance was seen, with the largest differences between minimum and maximum density observed in Lake Kleszczów and the smallest differences observed in Lake Sumin (Fig. 3a) . Average dry mass ranged from 516 µg dm -3 in Lake Kleszczów to 1484 µg dm -3
in Lake Głębokie. Lake Kleszczów displayed the highest disparity between the minimum and maximum biomass of crustaceans, whereas Lake Sumin showed the lowest differences between these values. (Fig. 3b) . Average crustacean density and biomass shaped inversely to water transparency (Fig. 3a, b) . Dominance of species varied between the lakes. The most steady-state lakes were Rotcze with Ceriodaphnia quadrangula and Syczyńskie with Bosmina longirostris and Eudiaptomus graciloides dominating on all sampling occasions. In Lake Kleszczów, Cyclops strenuus prevailed in spring, C. quadrangula in summer, but in autumn all species displayed equal density, making assessment of dominant species impossible. In Lake Sumin, the dominant species changed throughout the year -B. longirostris was dominant in spring, C. quadrangula in summer, whilst in autumn Bosmina coregoni prevailed. Likewise, in Lake Głębokie, the dominant species varied between seasons throughout the year, with B. longirostris dominating in spring, Chydorus sphaericus in summer and Acroperus harpae and Alona costata in autumn (Fig. 4) . As cladocerans prevailed in density, copepods affected biomass of Crustacea in the lakes studied. In Lake Syczyńskie, E. graciloides prevailed in biomass all year long. In the remaining lakes, the dominant E. graciloides and C. strenuus were replaced by C. quadrangula only in summer or by A. harpae in autumn (Fig.  5) . 
DISCUSSION
Many studies reported changes in lake ecosystems being under the influence of planktivorous fish (Kerfoot & Sih 1987 , Sarvala et al. 1998 , Williams & Moss 2003 . The most characteristic symptoms of increasing fish pressure include temporary decreases in crustacean density, a decline of large-bodied species, and dominance of small-bodied cladoceran B. longirostris and Cyclopoidae copepods, followed by dominance of Cyclopoidae and Rotatoria (Gulati 1990; Jeppesen et al. 1992 Jeppesen et al. , 1997 . Escalation of that process causes further deterioration in feeding conditions for fish. This phenomenon occurred in the five lakes to different extents, as determined using PCA. This allowed the lakes to be ordered based on decreasing feeding conditions for fish as follows: Lake Rotcze and Lake Sumin > Lake Głębokie > Lake Syczyńskie > Lake Kleszczów (Fig. 6 ) -and was confirmed using clustering analysis (Fig. 7) .
Crustaceans formed the best forage base for fish in macrophyte-dominated Lake Rotcze and in phytoplankton-macrophyte dominated Lake Sumin. In comparison to the other lakes, these two supported a high density of bigger species (B. coregoni, Diaphanosoma brachyurum, Daphnia cucullata, E. graciloides), a low proportion of B. longirostris in total crustacean density, and only slight seasonal decreases in crustacean biomass and density. Slightly poorer feeding conditions were found in phytoplankton-macrophyte dominated Lake Głębokie. Although the proportion of B. longirostris contributing to crustacean density was similar to that in lakes Rotcze and Sumin, a lower proportion of big crustaceans and higher seasonal collapses in density and biomass occurred in this lakes. Crustaceans produced poorer feeding conditions in phytoplankton-dominated Lake Syczyńskie. B. longirostris prevailed there, but there was considerable proportion of big cladocerans represented by D. cucullata, and E. graciloides. Low density and biomass of crustaceans coincided with the disappearance of D. cucullata in autumn, while the rest of species substantially reduced their numbers. Crustacean communities created the poorest feeding base in macrophytedominated Lake Kleszczów. Although bigger species dominated in spring and summer, Kleszczów supported the lowest crustacean density and biomass of all of the five lakes. In autumn, a drastic decrease in number of Crustacea occurred, and only a few Cyclopoidae individuals were found.
Lakes Kleszczów and Rotcze, with the highest abundance of submerged plant communities, displayed extremely different crustacean feeding conditions for planktivorous fish. Distinct causative factors were seen, including differing macrophyte species structure. Multispecies vascular plant communities in Lake Rotcze (Sugier & Lorens 2002) may have influenced interactions between crustacean plankton and planktivorous fish by creating habitats with alternative food resources, such as e.g. epiphytic fauna, which could reduce fish feeding pressure on zooplankton . In Lake Kleszczów, in turn, the abundant development of charophytes and very low density of phytoplankton being responsible for high water clarity, created excellent feeding conditions for visually-oriented planktivorous fish. Consequently, macrophyte patches that were penetrated by these fish most probably provided insufficient refuge for crustaceans, resulting in high annual fluctuations in crustacean density in the lake. Therefore, the stabilizing effect of macrophytes on Crustaceafish interactions might depend on water transparency. This effect is lowest in hypereutrophic turbid lakes without submerged macrophytes, and highest in clear-water eutrophic lakes with a high abundance of submerged macrophytes; however this trend gradually declines when approaching lower trophic state (Jeppesen et al. 1998 , Lauridsen et al. 1999 . Obtained results confirmed that assumption, as demographic parameters of crustaceans were similar in two markedly different lakes -Lake Syczyńskie, the most turbid, with no submerged macrophytes, and Lake Kleszczów, the clearest and richest in macrophytes. Still, Lake Syczyńskie, although devoid of submerged macrophytes, displayed higher density and biomass of crustaceans compared to Lake Kleszczów. It is likely that low visibility in conjunction with phytoplankton created 'visual clutter' that could act as a refuge for crustaceans (Wright & Shapiro 1990 , Bergstrőm et al. 2000 , thus reducing the ability of fish to seek crustaceans.
In respect to food abundance for planktivorous fish, lakes can be described as: highly food-supplied with maximum plankton densities exceeding 300 ind. dm ; and poorly foodsupplied, with plankton density lower than 100 ind. dm -3 (Szczerbowski 1993) According to this criteria, the five lakes all displayed high food resources, since crustaceans reached maximum numbers from 300 to over 1000 ind. dm -3 . However, the results presented suggest that abundance of planktivorous fish in lakes Kleszczów and Syczyńskie has already reached the threshold, above which the food carrying capacity, in terms of crustacean plankton, may be exceeded. In contrast, the high crustacean biomasses in lakes Rotcze and Sumin suggest that it is still possible to increase the fish stock in these two lakes.
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